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Introduction
National surveys indicate that the US

male population is becoming incrcasingly
overweight. Among men 20 to 74 years of
age, the prevalence of overweight has
increased from 23.2%'c in the National
Health Examination Surveys of 1960-
1962 to 31.3%c in the National Health and
Nutrition Examination Surveys of 1988-
1991 (NHANES III, phase 1).1.2

One approach to the prevention and
treatment of overweight is to increase
energy expenditure through regular physi-
cal activity. Physical conditioning reduces
fat mass and total body weight, increases
lean body weight, and is associated with
weight control independent of dietary
factors.3-9 Exercise improves cardiorespi-
ratory functional capacity and decreases
serum lipid, glucose, and insulin levels.9-l'

Although the relationship between
moderate or vigorous physical activity and
overweight has been examined in several
studies, less attention has focused on
sedentary behaviors and risk of over-
weight. Nearly 60% of the US adult
population reports engaging in little or no
leisure-time physical activity.13 Inactivity
is associated with reduced levels of lean
body mass and increased body fat in
adults, and with obesity in children and
adolescents in the United States.'116
Watching television (TV) represents a
major sedentary behavior; the average
adult male watches more than 29 hours
weekly.'7 Several cross-sectional studies
have reported an association between TV
viewing and obesity in adults,'>' but
prospective data exist only for children.'

In the current study, we examined
cross-sectional and prospective relation-
ships between nonsedentary and seden-
tarv activity levels and risk of overweight

in a cohort of male health professionals
surveyed in 1988 and 1990.

Methods
Study Sample

The Health Professionals Follow-Up
Study has been described elsewhere.2-24
Briefly, it is a longitudinal study that
examines various lifestyle risk factors for
cardiovascular disease, cancer, and other
health and disease outcomes among a
cohort ofUS male health professionals. In
1986, 51 529 male health profcssionals, 40
to 75 years of age, were enrolled in the
study. The cohort consists of dentists
(58%c), veterinarians (20%c), pharmacists
(8%), optometrists (7%), osteopaths (4%).
and podiatrists (3%c) who completed a
six-page baseline questionnaire in 1986
concerning their medical history, current
dict, and other lifestyle habits, including
physical activity patterns. Follow-up ques-
tionnaires were sent every 2 years to
updatc information on health status pa-
rameters and health practices, including
patterns of nonsedentary and sedentary
activity. This analysis begins with the 1988
questionnaire because that was the first
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year in which information concerning
sedentary activity level was collected.

Because our interest was in the
activity-overweight relationship in healthy
men, approximately 19% of the cohort
with diseases that could alter activity level
and/or weight were excluded from the
analyses. These diseases included heart
disease, stroke, arterial diseases of the leg,
renal disease, cancer, and "other major
illnesses" reported. Approximately 17%
of the men who did not provide informa-
tion concerning physical activity, height,
weight, age, or smoking status were also
excluded from the analyses, as were
approximately 2% of the men for whom a
reporting error was suspected. These
were men who reported a nonsedentary
activity level representing an energy expen-
diture exceeding 1000 calories per day,
which is equivalent to running 11 miles,
jogging 13 miles, or walking 14 miles daily.
Men with a calculated body mass index
below 19.4, the 5th percentile of body
mass index for the reference population in
NHANES II, were also excluded25; these
were men who might have misreported
their height or weight or who might have
been underweight owing to chronic ill-
nesses. The cohort for cross-sectional
analyses thus included 22 076 healthy
men who provided complete responses to
follow-up questionnaires in 1988 and
1990. Men with a body mass index of at
least 27.8 in 1988 (n = 4281) were consid-
ered already overweight and so were
excluded from prospective analyses that
focused on evaluating risk for becoming
overweight by 1990.

Variables ofInterest
Self-reported bodyweight (in pounds)

and height (in inches) were converted to
kilograms and meters and used to calcu-
late body mass index (weight/height2) for
each survey year. The 85th percentile
from the NHANES II survey25 was used
to classify as overweight cohort members
with a body mass index of 27.8 kg/M2 or
greater.

Nonsedentary activity level was as-
sessed using a question derived from the
Harvard Alumni Survey.26 Respondents
indicated the average amount of time they
spent perweek over the past year engaged
in nine activities (walking or hiking,
jogging, running, bicycling, lap swimming,
playing tennis, playing squash or racquet-
ball, performing calisthenics or rowing,
and doing heavy outdoor work). The
number of flights of stairs they climbed
each week was also included in the
determination of their nonsedentary activ-

ity level. Time spent in each of the
activities was multiplied by the average
metabolic equivalent (MET) specific to
each activity. Metabolic equivalents repre-
sent the ratio of energy expended during
each specific activity relative to resting
metabolic rate and are independent of
body weight.27-29 The more vigorous the
activity, the more METs are attributed to
it. Total weekly MET hours, a measure
reflecting both the relative intensity and
the time spent in all nonsedentary activi-
ties, were determined for each individual
by summing all reported activities. The
range of MET hours represented in the
entire cohort was then divided into quin-
tiles. For simplicity, MET hours are
referred to as METS in the remainder of
this paper.

Self-reported hours of TV/videocas-
sette recorder (VCR) viewing each week
was the indicator of sedentary activity
level. Six time categories (0 to 1 hour; 2 to
5 hours, 6 to 10 hours, 11 to 20 hours, 21 to
40 hours, and 41 ormore hours) were used.

StatisticalAnalyses
Multiple logistic regression models

with indicator variables for each quintile
of METS and for time spent watching
TV/VCR were used to estimate odds
ratios (ORs), which were interpreted as
relative risks (RRs) when cumulative
incidence rates were less than 10%.
Cross-sectional analyses examined the
relationships between those two variables
and the prevalence and odds of being
overweight in 1988. Prospective analyses
evaluated the relationships between those
two variables in 1988, and the cumulative
incidence and relative risk of new onset of
overweight between 1988 and 1990 among
the 17 795 men who were not overweight
in 1988. Odds ratios and relative risks
were estimated using the lowest quintile
of METS or time category of TV viewing
as the reference category.'0 Significant
monotonic trends were tested for by
assigning each participant the median
METS value of each quintile. Testing for
an interactive effect between nonseden-
tary and sedentary activity level' was
evaluated with a log-likelihood ratio chi-
square test.3132 To examine further the
relationship between activity level and
body mass index, change in METS ex-
pended in nonsedentary activity per week
and change in weekly TV/VCR viewing
hours between 1988 and 1990 were consid-
ered as continuous variables and entered
as separate terms into linear regression
models, with change in body mass index
between survey years used as the depen-

dent variable. All analyses were adjusted
for age and smoking status (nonsmoker or
current smoker since less than 15% of the
cohort were current smokers).

Results
The mean age of the cohort in 1988

was 54.1 + 9.3 years, with a range of 41 to
78 years. Eighty-six percent of the cohort
were nonsmokers. The age-adjusted mean
body mass index in 1988 (25.6 ± 3.1) was
similar to the mean body mass index in
1990 (25.7 ± 3.2). The prevalence of
overweight (body mass index > 27.8)
among the cohort was 19.4%, nearly 12%
lower than the average national preva-
lence of overweight among men surveyed
in the first phase of NHANES III.2 The
average weekly nonsedentary activity level
represented by METS in 1988 was 24.8 ±
21.8, a level of activity equivalent to
walking briskly or playing tennis 4 hours
per week. However, the large standard
deviation in METS indicated that the
cohort varied greatly in its nonsedentary
activity level. On average, cohort mem-
bers spent 11.3 ± 8.5 hours per week
watching TV/VCR in 1988, with the
majority of men watching less than 10
hours per week.

Cross-SectionalAnalyses
Age- and smoking-adjusted preva-

lence rates and odds ratios for overweight
decreased as the nonsedentary activity
level increased (Table 1). Men in the
highest quintile of METS had lower odds
of being overweight (OR = 0.50; 95%
confidence interval [CI] = 0.45,0.55) than
men in the lowest quintile. Even men in
the second and third quintiles with light to
moderate levels of nonsedentary activity
had reduced odds of being overweight
relative to men in the lowest quintile of
activity. In contrast, increasing time spent
watching TV/VCR was associated with
increased prevalence and odds ratios for
overweight. Men who watched 41 or more
hours ofTV per week had higher odds of
being overweight (OR = 4.06; 95%
CI = 2.67, 6.17) than men watching 1
hour or less per week. Even men watching
only 2 to 5 hours per week had increased
odds of being overweight (OR = 1.42;
95% CI = 1.14, 1.77) when compared
with men watching the least amount.

To determine if nonsedentary and
sedentary activity levels had independent
relationships with the prevalence and
odds of being overweight, logistic regres-
sion models with terms for METS (for
nonsedentary activity) and time spent
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watching TV/VCR were evaluated in age-
and smoking-adjusted models. Odds ra-
tios for overweight did not change from
the age- and smoking-adjusted models
when the nonsedentary activity level was
adjusted for time spent watching TV/
VCR. Similarly, adjustment for the non-
sedentary activity had little impact on the
odds ratios for overweight associated with
increasing time spent watching TV/VCR.

To evaluate the association between
the joint classification of nonsedentary
and sedentary activity levels and the odds
of being overweight, quintiles of METS
were retained but the TV/VCR viewing
time categories were collapsed from 6 to 4
to give stability to the categories. The time
categories now represented watching TV/
VCR for zero to 5 hours per week, 6 to 10
hours per week, 11 to 20 hours per week,
and 21 or more hours per week. Men in
the highest quintile of METS and lowest
time category of TV/VCR viewing were
considered the most active men and
served as the reference group. In compar-
ing men in the most extreme categories of
combined activity level, men with the
lowest nonsedentary activity level and
highest TV/VCR viewing (considered the
most sedentary men) had odds of being
overweight that were more than three
times the odds for the most active men
(Figure 1). Overall, within each quintile of
METS, greater amounts of TV/VCR
watching were associated with higher
odds of being overweight, and at each
level of TV/VCR viewing, the increasing
nonsedentary activity level was generally
associated with lower odds of being
overweight. These trends suggest that no
interaction was occurring between the
nonsedentary and sedentary activity lev-
els. A formal test for interaction was not
statistically significant (X2 with 1 df = 3.0;
P > .05).

Prospective Analyses
Among the 17 795 cohort members

who were not overweight at the start of
follow-up, the cumulative incidence of
overweight between 1988 and 1990 was
4.6%. We found an inverse association (P
for trend < .01) between METS ex-
pended in nonsedentary activity and risk
of becoming overweight by 1990 (Table
2). Compared with men in the lowest
quintile of METS, men in the highest
quintile had an age- and smoking-
adjusted relative risk of 0.79 (95%
CI = 0.64, 0.99; P for trend = .01) for
becoming overweight by 1990. Men in the
third and fourth quintiles of nonsedentary
activity level had similar relative risks for

TABLE 1 Prevalence Rates and Odds Ratios for Overweight (BMI 2 27.8)
among Male Health Professionals, by Quintile of Nonsedentary
Activity Level (METS) and Average Weekly Time Spent Watching
TV/VCR

No. Men Prevalence of
(n = 22 076) Overweight, % ORa (95% Cl)

1988 METS/wk
<6.3
>6.3 and <13.6
> 13.6 and < 23.9
>23.9 and <41.1
>41.1
Test for trend

in ORs
1988 TV/VCR hrs/wk
0-1
2-5
6-10
11-20
21-40
41 or more

Test for trend
inORs

4370
4460
4416
4419
4411

871
5672
6541
6591
2272
129

26.5
21.4
17.9
16.2
15.1

11.7
15.8
19.5
21.3
24.5
34.9

1.00
0.76 (0.69, 0.84)
0.61 (0.55, 0.67)
0.54 (0.49, 0.60)
0.50 (0.45, 0.55)

P = .001

1.00
1.42 (1.14,1.77)
1.83 (1.48, 2.27)
2.04 (1.65, 2.53)
2.47 (1.97, 3.11)
4.06 (2.67, 6.17)

P = .002

ORb (95% Cl)

1.00
0.76 (0.69, 0.84)
0.61 (0.55, 0.68)
0.54 (0.49, 0.61)
0.50 (0.45, 0.56)

P = .001

1.00
1.43 (1.15,1.78)
1.87 (1.51, 2.32)
2.05 (1.66, 2.55)
2.40 (1.91, 3.02)
3.88 (2.55, 5.92)

P = .002

Note. BMI = body mass index; METS = metabolic equivalent hours; OR = odds ratio; Cl =
confidence interval. Reference categories for estimating odds ratios are overweight at the lowest
level of METS and lowest level of TV/VCR viewing.

aAnalyses adjustd for age (5-year categories) and smoking status (nonsmoker, current smoker).
bAnalyses for 1988 METS per week adjusted for age, smoking status, and level of TV/VCR viewing;

analyses for 1988 TV/VCR hours per week adjusted for age, smoking status, and quintile of
nonsedentary activity level.

becoming overweight, indicating that even
moderate activity was associated with
reduced risk. Estimated relative risks did
not change appreciably when analyses
were adjusted for level of TV/VCR
viewing in 1988.

The cumulative incidence of over-

weight generally increased with increasing
time spent watching TV/VCR in 1988.
Although none of the estimated indi-
vidual relative risks reached statistical
significance, the test for trend across
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FIGURE 1-Joint classification of quintile of METS, hours of TV/VCR viewed, and
odds of being overweight among male health professionals, 1988.

5

January 1996, Vol. 86, No. 1

4

Week, 1988



Ching et al.

relative risks was statistically significant
even when adjusted for age, smoking
status, and level of nonsedentary activity
in 1988. Men watching 21 or more hours
of TV/VCR per week in 1988 were over

40% more likely to become overweight by
1990 than were men viewing 1 hour or less

per week (RR = 1.44, 95% CI = 1.04,
2.16 for those viewing 21-40 hours;
RR = 1.56,95% CI = 0.59,4.11 for those
viewing 41 or more hours; P for trend
<.01). Relative risks were not substan-
tially changed after further adjustment for
level of nonsedentary activity in 1988.

To explore further the relationship
between activity level and body mass

index, data from 19 361 cohort members
who provided complete information on

body mass index, nonsedentary activity
level, and level of TV/VCR viewing in
1988 and 1990 were analyzed. Changes in
METS and in hours of TV/VCR viewed
per week between survey years were
entered into linear regression models as

continuous variables, and change in body
mass index was entered as the dependent
variable. All analyses were adjusted for
body mass index, METS, hours of TV/
VCR viewed, age, and smoking status in
1988. Each 10-MET increase in the
nonsedentary activity level (equivalent to
running or playing squash an extra hour
each week) predicted a 0.03 decrease in
body mass index or approximately one

fifth of a pound lost in body weight (Table
3). Each 10-hour per week increase in
TV/VCR viewed predicted a 0.05 in-
crease in body mass index or approxi-
mately one third of a pound gained in
body weight between 1988 and 1990. The
inclusion of changes in METS and in
hours of TV/VCR viewed per week
simultaneously in the linear regression
model did not change the regression
coefficients substantially.

Discussion
The present study revealed associa-

tions between nonsedentary activity level
and risk of overweight in both cross-
sectional and prospective analyses; these
associations persisted even when adjusted
for age, smoking status, and level of
weekly TV/VCR viewing. In addition,
time spent watching TV, one measure of
sedentary activity level, was related to risk
of overweight independent of nonseden-
tary activity level. These findings suggest
that both nonsedentary activity and seden-
tary activity, specifically TV viewing, may
play independent roles in the genesis and
persistence of overweight in adult men.

Within the cohort of male health
professionals studied, prospective analy-
ses indicate that expending an average of
more than 14.5 METS per week in
physical activity in 1988 was sufficient to
achieve a lowered risk for development of
overweight by 1990. This level of activity
represents engaging in light to moderate
activities such as brisk walking, jogging,
and/or swimming for at least 30 minutes
daily and is consistent with levels of
activity recommended for the nation in
Healthy People 2000.33 Results from linear
regression analyses suggest that each

28 American Journal of Public Health

TABLE 2-Cumulative Incidence Rates and Relative Risks for Becoming
Overweight between 1988 and 1990, by Quintile of Nonsedentary
Activity Level (METS) and Average Weekly Time Spent Watching
TV/VCR

Cumulative Relative Relative
No. Men Incidence of Risksa Risksb

(n = 17795) Overweight, % (95% CI) (95% CI)

1988 METS/wk
<6.9 3555 5.3 1.00 1.00
>6.9 and <14.5 3575 5.3 1.00 (0.81, 1.23) 1.01 (0.82, 1.24)
>14.5 and <25.3 3571 4.3 0.79 (0.63, 0.98) 0.80 (0.64,1.00)
> 25.3 and <42.3 3534 3.8 0.72 (0.57, 0.90) 0.73 (0.58, 0.92)
>42.3 3460 4.2 0.79 (0.64, 0.99) 0.81 (0.65,1.01)
Test for trend in P =.01 P =.01

relative risks
1988 TV/VCR hrs/wk
0-1 769 4.4 1.00 1.00
2-5 4773 4.5 1.04 (0.72,1.51) 1.04 (0.72,1.51)
6-10 5264 4.0 0.95 (0.65,1.38) 0.95 (0.66,1.38)
11-20 5190 4.9 1.19 (0.83,1.72) 1.19 (0.82,1.72)
21-40 1715 5.5 1.44 (1.04, 2.16) 1.41 (0.94, 2.12)
41 or more 84 6.0 1.56 (0.59,4.11) 1.49 (0.57, 3.95)

Test for trend in P = .001 P = .002
relative risks

Note. METS = metabolic equivalent hours; Cl = confidence interval. Reference categories for
estimating relative risks are overweight at the lowest level of METS and lowest level of TV/VCR
viewing.

aAnalyses adjusted for age (5-year categodes) and smoking status (nonsmoker, current smoker).
bAnalyses for 1988 METS per week adjusted for age, smoking status, and level of TV/VCR viewing;

analyses for 1988 TV/VCR hours per week adjusted for age, smoking status, and quintile of
nonsedentary activity level.

TABLE 3-Estimated Linear Regression Coefficients for Relationships between
Change In Nonsedentary and Sedentary Activity Levels and Change In
BMI between 1988 and 1990 (n = 19 361)

Unadjusted for Adjusted for
Change in Hours Change in Hours Unadjusted Adjusted

of TV/VCR of TV/VCR for Change for Change
Viewed Viewed in METS in METS

per Weeka per Weeka per Weeka per Weeka

Estimated change in BMI -0.029 -0.030 ... ...

per 10-MET increase
in weekly nonseden-
tary activity level

Estimated change in BMI ... ... 0.051 0.059
per 1 0-hour increase
in amount of TV/VCR
viewed per week

Note. BMI = body mass index; METS = metabolic equivalent hours.
aAnalyses adjusted for BMI, METS expended in nonsedentary activity in 1988, hours of TV/VCR
viewed per week in 1988, age (5-year categories), and smoking status (nonsmoker, current
smoker). P < .0001 for estimated regression coefficients.
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additional hour of nonsedentary activity
(assuming an expenditure of 5 METS
during that hour) predicted a 0.015
decrease in body mass index, more than
three times that predicted for a 1-hour
reduction in time spent watching TV/
VCR (0.005). These analyses indicate that
change in nonsedentary activity level had
an independent and greater effect on
change in body mass index than change in
time spent watching TV/VCR. These
findings are consistent with those found
cross-sectionally and prospectively by oth-
ers. In the Centers for Disease Control
and Prevention's Behavioral Risk Factor
Surveillance System, prevalence of over-
weight was inversely related to physical
activity level.34 In the NHANES I Epide-
miologic Follow-Up Study, recreational
physical activity was inversely associated
with body mass index, average 10-year
weight change, and risk of developing
clinical overweight; prospectively, change
in activity level was inversely related to
change in weight. These findings suggest
that low physical activity is both a cause
and a consequence ofweight gain.35

Within the Health Professionals Fol-
low-Up Study, time spent watching TV/
VCR, as a measure of sedentary activity,
was positively associated with overweight
cross-sectionally and prospectively, even
when analyses were adjusted for level of
nonsedentary activity. The cohort of men
surveyed watched, on average, only a
quarter to a third the amount of TV in
1988 as men aged 35 years and older who
were included in the Nielsen rating
estimates for 1989.17 Nonetheless, odds
ratios for overweight were slightly higher
than those found by Tucker and Fried-
man in their cross-sectional study of
obesity in adult males.18

The relationship between TVV/VCR
viewing and risk of overweight may have
been observed for several reasons. TV/
VCR viewing may be associated with
caloric intake; that is, time spent watching
TV/VCR may be a measure of both
inactivity and caloric intake. Numerous
food cues appear in prime time program-
ming and commercial advertisements.36'37
Such cues have been correlated with
eating patterns in children and may exert
a greater influence in the obese.3840 In
addition, individuals often eat while watch-
ing TV but may be less inclined to eat
while involved in other types of sedentary
activity. Thus, TV viewing may result not
only in inactivity but also in increased
food intake. Future investigations should
examine the role that eating behaviors

may play in influencing the TV-over-
weight relationship.

Television viewing may also be associ-
ated with overweight because it results in
lower energy expenditure, particularly
when compared with other types of
sedentary activity. Ainsworth et al. indi-
cate that the energy cost of sitting and
watching TV is nearly comparable to that
of activities done while reclining and is
lower than that for other sedentary
activities such as sewing, playing board
games, reading, writing, and driving a
car.41 This may be partly owing to the
"fidgeting" or other spontaneous physical
activity that is more likely to occur with
some sedentary activities but not with TV
viewing.42 Metabolic rate and observed
movements in children have been found
to be lower while watching TV than when
at rest.43"44

Within the current study, the magni-
tude of associations between activity level
and overweight in cross-sectional analyses
was greater than that observed in prospec-
tive analyses. This might have been
because the prevalence of overweight in
the cohort (19%) was greater than the
cumulative incidence of overweight (ap-
proximately 5%) in the 2-year interval.
The prevalent cases ofoverweight accumu-
lated excess weight over decades. Thus,
men with prevalent overweight were
heavier than men who became overweight
only during the 2 years of follow-up. Mean
body mass index among prevalent cases of
overweight in 1988 was 30.4 while mean
body mass index among incident cases of
overweight in 1990 was 28.7. Also, in the
cross-sectional analyses, there may have
been a coincident measure of cause and
effect. That is, the effect of overweight on
activity level was simultaneously mea-
sured with the effect of activity level on
overweight, a problem not encountered in
the prospective analyses.

The average level of nonsedentary
activity in the cohort was high, possibly
because the cohort members were all
health professionals and self-selected into
the study. Their education, income, and
occupation likely led them to engage in
healthier behaviors (e.g., higher levels of
nonsedentary activity and lower levels of
sedentary activity) than would be ex-
pected in the general American male
population. In addition, because informa-
tion concerning intensity at which nonsed-
entary activities were performed was not
collected from respondents, METS as-
signed to activities may have overesti-
mated the intensity level at which each
activity was actually performed and subse-

quently led to an overestimate of the total
nonsedentary activity level. These sources
of bias may limit the generalizability of
prevalence rates of activity and over-
weight but not the validity of the relation-
ship between activity and overweight.

The major strengths of the current
study are its prospective design and its use
of a quantitative measure of nonsedentary
activity that accounted for the type and
duration of different nonsedentary activi-
ties, as well as its assessment of a
sedentary activity level.

The process of weight maintenance
involves balancing energy intake with
energy expenditure. Support of this physi-
ological process comes from engaging in
certain eating and activity behaviors-
that is, patterns of dietary intake and
composition as well as physical activity.
When the energy balance is disturbed, it is
assumed that these volitional behaviors
can be modified to prevent or reverse
weight gain. Effective treatment ofweight
gain occurs primarily by limiting dietary
energy intake to impose the requisite
caloric deficit necessary to achieve weight
loss. Increases in physical activity alone
are usually not sufficient to promote
weight loss because exercise cannot be
sustained at a high enough intensity for a
long enough duration of time to achieve
the necessary caloric deficit. Consistent
with other studies, the current study
suggests that physical activity plays a role
in preventing weight gain rather than in
promoting weight loss. More importantly,
it suggests that attention should be fo-
cused on the role physical activity can play
in preventing small insidious increases in
body weight from occurring. While such
increases in body weight from one year to
the next may appear insignificant, when
accumulated over decades they present a
serious health risk for many other chronic
diseases.

Given the findings in the current
study, members of the general public
should be encouraged to increase their
activity level and decrease their time
spent being sedentary. Alone or in combi-
nation, these two behavioral changes are
important for effective weight control.
Health benefits can be gained not only
from engaging in vigorous activities such
as running or jogging, but also from
pursuing less strenuous activities such as
walking and stair climbing.45 The most
inactive individuals should be encouraged
to engage in activities such as walking,
which is simple and convenient, carries
low risk for injury, and promotes caloric
expenditure important for weight loss and
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maintenance. This may provide one of the
most efficacious exercise strategies for
weight control, especially when combined
with a reduction in television viewing
time. [

Acknowledgments
This work, done as part of Dr Ching's ScD
thesis in health and social behavior submitted
to the Harvard University School of Public
Health, was supported by research grants HL
35464 and CA 55075 from the National
Institutes of Health.

We thank the participants of the Health
Professionals Follow-up Study for their contin-
ued cooperation and participation. We are also
indebted to Mira Koyfman and Mark Schney-
der for computer assistance, and to William
Dietz, Leslie Kalish, David Williamson, Tim
Byers, and Mike Pratt for their suggestions
during preparation of this manuscript.

References
1. National Center for Health Statistics.

Health, United States, 1992. Hyattsville, Md:
Public Health Service; 1993. DHHS publi-
cation PHS 93-1232.

2. Kuczmarski RJ, Flegal KM, Campbell SM,
Johnson CL. Increasing prevalence of
overweight among US adults. JAMA4. 1994;
272:205-211.

3. Morris JN, Everitt MG, Pollard R, Chave
SP, Semmence AM. Vigorous exercise in
leisure-time: protection against coronary
heart disease. Lancet. 1980;2:1207-1210.

4. Leon AS, Conrad J, Hunningbak DB,
Serfars R. Effects of a vigorous walking
program on body composition and carbohy-
drate and lipid metabolism of obese young
men.AmJClin Nutr. 1979;33:1776-1787.

5. Kukkonen K, Rauramaa R, Siitonen 0,
Hanninen 0. Physical training of obese
middle-aged persons.Ann ClnRes. 1982;14:
80-85.

6. Woo R, Garrow JS, Pi-Sunyer FX. Volun-
tary food intake during prolonged exercise
in obese women. Am J Clin Nutr. 1982;36:
478-484.

7. Belko AZ, VanLoan M, Barbieri TF,
Mayclin P. Diet, exercise, weight loss and
energy expenditure in moderately over-
weight women. IntJ Obes. 1987;11:93-104.

8. Hill JO, Sparling PB, Shields TW, Heller
PA. Effects of exercise and food restriction
on body composition and metabolic rate in
obese women.AmJClin Nutr. 1987;46:622-
630.

9. Hagan RD. Benefits of aerobic condition-
ing and diet for overweight adults. Sports
Med. 1988;5:144-155.

10. Bray GA, Whipp BJ, Koyal SN. The acute
effects offood intake in energy expenditure
during cycle ergometry. Metabolism. 1977;
26:403-412.

11. Franklin B, Buskirk E, Hodgson J, Gaha-
gan H, Kollias J, Mendez J. Effects of
physical conditioning on cardiorespiratory
function, body composition and serum
lipids in relatively normal-weight and obese
middle-aged women. IntlJObes. 1979;3:97-
109.

12. Scheen AJ, Pirnay F, Luycla AS, Lefebvre
PJ. Metabolic adaptation to prolonged

exercise in severely obese subjects. Int J
Obes. 1983;7:221-229.

13. Siegel PZ, Brackbill RM, Frazier EL, et al.
Behavioral Risk Factor Surveillance, 1986-
1990.MMWR 1991;40(No. SS-4):1-23.

14. Weitz CA. Effects of acculturation and age
on the exercise capacities of Solomon
Islanders. Am J Phys Anthropol. 1990;81:
513-525.

15. US Dept of Health and Human Services,
Office of Disease Prevention and Health
Promotion, Public Health Service. Sum-
mary of findings from National Children
and Youth Fitness Study. JOPERD. 1985;
44-89.

16. US Dept of Health and Human Services,
Office of Disease Prevention and Health
Promotion, Public Health Service. Sum-
mary of findings from National Children
and Youth Fitness Study II. JOPERD.
1987;49-96.

17. Nielsen Report on Television, 1990. North-
brook, Ill: A.C. Nielsen Company, Media
Research Division; 1990.

18. Tucker LA, Friedman GM. Television
viewing and obesity in adult males. Am J
Public Health. 1989;79:516-518.

19. Gortmaker SL, Dietz WH Jr, Cheung
LWY. Inactivity, diet, and the fattening of
America. JAm Diet Assoc. 1990;90:1247-
1252, 1255.

20. Tucker LA, Bagwell M. Television viewing
and obesity in adult females. Am J Public
Health. 1991;81:908-911.

21. Dietz WH Jr, Gortmaker SL. Do we fatten
our children at the television set? Obesity
and television viewing in children and
adolescents. Pediatics. 1985;75:807-812.

22. Rimm EB, Stampfer MJ, Colditz GA,
Giovannucci E, Willett W. Effectiveness of
various mailing strategies among nonre-
spondents in a prospective cohort study.
AmJEpidemiol. 1990;131:1068-1071.

23. Rimm EB, Giovannucci EL, Stampfer MJ,
Colditz GA, Litin LB, Willett WC. Repro-
ducibility and validity of an expanded
self-administered semiquantitative food fre-
quency questionnaire among male health
professionals. Am J Epidemiol. 1992;135:
1114-1126.

24. Grobbee DE, Rimm EB, Giovannucci E,
Colditz G, Stampfer M, Willett W. Coffee,
caffeine, and cardiovascular disease in
men.NEnglJMed 1990;323:1026-1032.

25. Najar MF, Rowland M. Anthropometric
reference data and prevalence of over-
weight, United States, 1976-80. VitalHealth
Stat [11]. October 1987; no. 238. DHHS
publication PHS 87-1688.

26. Chasan-Taber S, Rimm EB, Stampfer MJ,
et al. Reproducibility and validity of a
self-administered physical activity question-
naire for male health professionals. Epide-
miology. In press.

27. Taylor HL, Jacobs DR, Schucker B, Knud-
sen J, Leon AS, Debacker G. A question-
naire for the assessment of leisure time
physical activities. J Chronic Dis. 1975;31:
741-755.

28. Folsom AR, Caspersen CJ, Taylor HL,
et al. Leisure time physical activity and its
relationship to coronary risk factors in a
population-based sample. The Minnesota
Heart Survey. Am J Epidemiol. 1985;121:
570-579.

29. Wilson PWF, Paffenbarger RS Jr, Morris
JN, Havlik RJ. Assessment methods for
physical activity and physical fitness in
population studies: report of a NHLBI
workshop.AmHeartJ. 1986;111:1177-1192.

30. Rothman KJ, Boice JD Jr. Epidemiologic
Anaysis with a Programmable Calculator.
Washington, DC: Public Health Service;
1979. NIH publication 79-1649.

31. Kleinbaum DG, Kupper LL, Morgenstern
H. Epidemiologic Research: Principles and
Quantitative Methods. Belmont, Calif: Life-
time Learning Publications; 1982;431-432.

32. SAS Institute Inc., SASISTATUser's Guide,
Version 6. 4th ed. Cary, NC: SAS Institute
Inc; 1989;2:1074.

33. HeahyPeople200: NationalHealthPromo-
don and Disease Prevention Objectives.
Washington, DC: US Dept of Health and
Human Services; 1991. DHHS publication
PHS 91-50212.

34. DiPietro L, Williamson DF, Caspersen CJ,
Eaker E. The descriptive epidemiology of
selected physical activities and body weight
among adults trying to lose weight: the
Behavioral Risk Factor Surveillance Sys-
tem survey, 1989. IntJObes. 1993;17:69-76.

35. Williamson DF, Madans J, Anda RF,
Kleinman JC, Kahn HS, Byers T. Recre-
ational physical activity and ten-yearweight
change in a US national cohort. IntJ Obes.
1993;17:279-286.

36. Kaufman L. Prime-time nutrition. J Com-
mun. 1980;30:37-46.

37. Story M, Faulkner P. The prime time diet:
a content analysis of eating behavior and
food messages in television program con-
tent and commercials. Am J Public Health.
1990;80:738-740.

38. Galst JP, White MA. The unhealthy
persuader: the reinforcing value of televi-
sion and children's purchase-influencing
attempts at the supermarket. Child Dev.
1976;47:1089-1096.

39. Gorn GJ, Goldberg ME. Behavioral evi-
dence of the effects of televised food
messages on children. J Consumer Res.
1982;9:200-205.

40. Falciglia GA, Gussow JD. Television com-
mercials and eating behavior of obese and
normal-weight women. J Nutr Educ. 1980;
12:196-199.

41. Ainsworth BE, Haskell WL, Leon AS, et
al. Compendium of physical activities:
classification of energy costs of human
physical activities. Med Sci Sports Exerc.
1993;25:71-80.

42. Ravussin E, Lillioja S, Anderson TE,
Christin L, Bogardus C. Determinants of
24-hour energy expenditure in man. Meth-
ods and results using a respiratory cham-
ber. J Clin Invest. 1986;78:1568-1578.

43. Klesges RC, Shelton ML, Klesges LM.
Effects of television on metabolic rate:
potential implications for childhood obe-
sity. Pediatrics. 1993;91:281-286.

44. Dietz WH, Bandini LB, Morelli JA, Peers
KF, Ching PLYH. Effect of sedentary
activities on resting metabolic rate. Am J
Clin Nutr. 1994;59:556-559.

45. Blair S, Kohl HW, Paffenbarger RS Jr,
Clark DG, Cooper KH, Gibbons LW.
Physical fitness and all-cause mortality: a
prospective study of healthy men and
women.JAMA. 1989;262:2395-2401.

30 American Journal of Public Health January 1996, Vol. 86, No. 1


